Abstract. The dependence of the shot noise suppression factor on the length of a mesoscopic cavity is investigated using numerical techniques based on the recursive Green's function approach and on the scattering matrix formalism. Our findings show that such a dependence disappears as soon as the magnetic field is raised above a threshold value and that there is no significant effect of the detailed behavior of the potential landscape inside the cavity.
INTRODUCTION
Cavities defi ned by means of quantum point contacts along a mesa in a heterostructure represent an interesting model system for the investigation of shot noise suppression in mesoscopic structures: it has been predicted with several approaches that, in the case of a cavity defi ned by narrow and symmetric constrictions, the Fano factor (ratio of the shot noise power spectral density to that which would be expected for Poissonian noise) has a value equal to 1/4 [1] . This theoretical fi nding has also received experimental confi rmation as a result of the measurements performed by Oberholzer et al. [2] . It is further known that if the constrictions are widened, the Fano factor decreases below 1/4, until it eventually drops to zero when the constrictions are as wide as the cavity (thus forming a noiseless channel with integer transmission). Experimental data [3] are available for the dependence of the Fano factor on the number of modes propagating through the constrictions, and, therefore, on the width of the constriction. In the presence of a magnetic fi eld orthogonal to the structure, a decrease of the Fano factor has been measured [3] , resulting from the reduced scattering at the entrance and exit constrictions, as the cyclotron diameter becomes comparable to their width [4] .
In this contribution, we focus on the dependence of the Fano factor on the length of the cavity. By means of simulations based on the recursive Green's function method, we fi nd that, in the case of constrictions that are narrow with respect to the width of the cavity, its length does not affect the Fano factor. This is true both in the absence of a magnetic fi eld (with a Fano factor of 1/4), and in the presence of a magnetic fi eld (with a Fano factor below 1/4).
The situation is quite different if the width of the constrictions is not small in comparison with the cavity width. In this case, the Fano factor, starting from a value below 1/4, increases as the length of the cavity is increased, apparently up to an asymptotic value. Most of the theories for the explanation of noise suppression in mesoscopic cavities rely on techniques that were specifi cally developed for the investigation of chaotic systems, moving from the assumption that transport in such structures is in a chaotic regime. These cavities are indeed defi ned "chaotic cavities" in most of the existing literature, and the fact that chaos is not needed to explain the shot noise suppression down to 1/4 is almost never explicitly stated. We have pointed out in Ref. [4] that only a few simple conditions, not implying a chaotic behavior, are needed to obtain the 1/4 noise suppression: the constrictions must be symmetrical, narrow and with integer conductance, the occupancy of the states in the cavity must be dependent only on their energy.
RESULTS AND DISCUSSION
We start from the analysis of the Fano factor dependence on cavity length for a few relevant cavity shapes in the absence of a magnetic fi eld, with the purpose of determining whether the shape or the characteristics of the confi nement potential have any signifi cant effect on such a dependence. The Fermi level is set at 9 meV, a value typical for the 2DEG (2-dimensional electron gas) obtained in a GaAs/AlGaAs heterostructure, and the effective mass of GaAs (m ¢ ¡ 0£ 067) is used for all calculations. In Fig. 1 we present a sketch of the three structures that have been considered: a rectangular hard-wall cavity, a cavity defi ned by adiabatic constrictions, and a stadiumshaped cavity. The width of all cavities in the widest central region is 8 μm and the conventional length L for comparison is assumed as the dimension indicated in Fig. 1 . For the potential at the adiabatic constrictions we have adopted the model by Ando [5] , given (for each constriction and with reference to its center) by
where
We have chosen E 1 in Ref. [5] , probably as a result of a typesetting error). The radius of the rounded ends of the stadium equals one half of the maximum cavity width. For all three model cavities, the length is varied by adjusting the longitudinal extension of the central region (8 μm wide), and the number of modes propagating in each constriction is 40. The results for the Fano factor as a function of cavity length are reported in Fig. 2 with a solid line for the rectangular cavity, a dashed line for the cavity with adiabatic constrictions and a dotted line for the stadium-shaped cavity. It is apparent that there is little difference among the curves, although the potential landscape is quite different in the three cases: this further supports our approach in Ref. [4] , where a rectangular model cavity was used to investigate the dependence of the Fano factor on the number of modes propagating through the constrictions, obtaining quite a good agreement with the experimental results of Ref. [3] .
A different behavior is observed in the presence of an orthogonal magnetic fi eld that we have studied considering a rectangular hard-wall cavity 8 μm wide, with 1 μm constrictions. Calculations have been performed with a scattering matrix formalism, using a transverse gauge with the only nonzero component along the direction of current propagation and following Tamura and Ando [6] for the calculation of the transverse eigenfunctions.
In the presence of a magnetic fi eld, the number of modes propagating through the constrictions is reduced, as a consequence of the compression of the wave-function against the walls. In Fig. 3 we present results for the Fano factor as a function of cavity length for a perpendicular magnetic fi eld of 0.06 T (empty dots) and 0.12 T (squares), along with the same data, for comparison purposes, in the absence of a magnetic fi eld (solid dots). As the magnetic fi eld B is increased, the Fano factor dependence with length appears to decrease (although some fluctuations are observed for intermediate values of B), until, above about 0£ 1 T, it vanishes. We can hypothesize a tentative explanation, based on the fact that, as edge states are formed, the actual length of the path going from one constriction to the other becomes much longer than the geometric distance between constrictions, thereby reaching the threshold above which an asymptotic value of the Fano factor is attained.
